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(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve a multiphase 
switching regulator which provides high efficiency, 
covering a wide range of a load current, including a light 
load current. 

SOLUTION: This multiphase switching regulator includes 
a plurality of single-phase switching regulators which are 
connected to an output, and a first comparator which is 
connected to a feedback circuit for preventing a first 
regulator out of the single-phase switching regulators 
from outputting a current to a load connected to the 
output after the load current drops under the threshold 
of the first comparator. A feedback loop can further 
include a resistance divider and a first amplifier 
connected to at least one single-phase switching 
regulator. 
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r, «ft««atTj±Eui*(=«st*«iM-*«>*»ii:"r 

*,0 2OO5U4fo.U-$A< v fift««9t-e±Bftffilc« 

ss $ tu * -r -s <d * R&it -r x x ^ ^ ^ * e. i = ^ t? t * 
[0037] ±Eft^S3K*<> mi o>m'mm®®*m 

LVCBMt*y*ffi<T*Lfcfcl=* ±Emi00«/<-7- 
0)5*.0)^tC< tt1 Ol=J:-3TJiEttl*l-«$&**lfc 

[0038] ±esji <D*mffl®®&&m^z>x7-v? 

^/^r/$*u4fiU— 9ai'ptt< tti oom >$$$a 

[0 0 3 9] ±e»i 0)flJ^#$fl®@i$£m^•5Xx•;>? , 
4<s ±Ea^B3iEA<JiBA^a5S^fil J: U**<T»l 
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£(=«fc oT-hBSiiSgS- S^-tt-SXT 1 ZfZ £ 6(C^ 

[0 0 4 0] ±fE*4ax-f *<D3*> 
<*>'>&< <tt 1 _hEJ£ 1 ©•(S/W — ^ — KI=fcO 

i ©3 u— $ (Dafiicfc y * 

Ufa. U— S> A<±IHtB*l=mSS*«f&-r £0>£ KSih-r * 
X"T y £ 6 l=-£A/T? t L\, 
[0 04 1] %Z<Ii'&i^ r } — =E— Kf=33l*"C* ±EHfflf 
mSSE*<. ±E*1 0)ai//<U-4KD±EHfit*y *«L* 

2<DfffiM-yf>^U^il/-$)!)<, «3iE£_tiEft# 
1= tti £<D £ R&it-f 5 x t v if* £ 6 l=# A,x- * * 
Lv 

[0042] Jiiaft»®gSjb<±iBm2ro3>/<u— 

±E«IJ:«tft<Tlll,fc»lc. ±ES2<D«/<9- 
Kl=JSt*T» JiB*fflX-f -V^l/^Uf S"(D 
3**3<DU*a.U-*(=J:oT±Bai»l=«lft*4i* 
m3fEA<, «2 0>W1MI»lltt*mvC.t***lT*J: 
l\ 

[0 0 4 3] ^Eftffitt3k*t±Cff2a>:3>/<U— 90 
±ESBfflJ:yt)S<TBLfcS^ -tEtttt*l=«tt$ 
Mt h5>i?X^$7t->-r-5Ci:lc«feo-C. ±Ei£triSS 

[0044] ±eft«*sK«t-±eifti(03>/<u-5t«> 

[0 0 4 5] SB 1 <D«*SS&*<, S52©«ifc«l=M$iJI=g| ' 
*S4t» ±E* 1 OMS/t?— ^E— Klcfe^T, H^dDft 

[0 0 4 6] ±E«»0*ffiX-f ^f^l/^aU-^ 
2 OfflffiX^f -y f >y Ufa S^tt J: 

[0047] jMHrarofrftx-r-y^yu^rau— * 
7i=-r**«t. *©cfc(=«fey±Eg»*<a 

[0 0 4 8] ±E7-f-K/<»»*-^HB*«. ±E# 
[004 9] ±E#fflX-< v^^Uf aU— $0>-56 



[0 0 5 0] ±E«a«r®3&HffiJ: « t«l>±E*fflX 
•fvf>yufiU-^0)^2ffl^aU-ii(DUJ*t 

[oo5i] -tE«a??S3£Hfiaj: y tisi>±E**ax 

•< f >if l/4f 1 2 © Ufa ©ffi 
»«SMMiar-t*Sl***«l** .hEttiftttSUMtSft 

[0052] ±Gfift«l9tmJ: y *«l»±E* 2 (0 
SMSX-f 7f^U*a U-*»±EUlA««BflIS± 
±Eft^«SSA<-hE«m#m3SEiafil«fe 
yt«<TBLfc«l=, ttta#tiJ&l=i3lt-&«ifc£5>L 

[ 0 O 5 3 ] _tB«Jlffi«3!tlSffi J: y t SlVhEff 2 <D 

±Ea^f«3SA<±E<£m^«3SfflfiSJ: 
« *tt < T* Lfc&f=. ft 1 0>»iaS&£ 9S 2 CD«tagl= 

[0O5 4] ±ES&1 (D*&/*9 — =E— KIC*J^T±ES 
2ffl*ffi^'f-;f>yuf aU-4KD±Eta*®3!Efflffl 
S±*Stt**«f*. ±Eft«f®3tA<±E«m?5BgSH 

•*yt«<T*Lfc»i=, «»s^-«aEi=««Sih. 

[0 0 5 5] ff2<Ofift««9tnttl=£l>T. m2©m 
ffiX-C vf^U^aU-$ *^-7lc-r-5^S* * 61= 

[0 0 5 6] ±Ett2 0>ttJlft*3lEMlJ:Ut>ttlV ± 
E*ffi^^fUyUfaU-^©5%©l3©U*a 

u-*©a*«stB«*±****¥«*aF 6i=^i? 

[0 0 5 7] ±E«»©*ffiXY^f>yi/faU-^i 

[0 0 5 8] ±EH»roi}iX-fvfV^L/*aU-$ 
3 OOfffiX-f •yfuy U^a m-Ct J: 

I*. 

[0 0 5 9] ±E«»<D*fflX'f yf>yi/f 

4-3©*ffiX^'yf^l/*aU-^m^tJ: 

[0 0 6 0] *3§BJ3<D7J;£l;t\ 6^«3ST-(D, 

t^-c m * f v / < > ^ i= ft it -s m * ma £ us? -s x 

f^yufaU-?©'M<i:t1 Ojf^I-^IL 

[oo6i] ±E@^mssafis<i:y ; bffi<7 ; -i-xx- 

'>*t^A*m35*?l^ltiL (d r aw) T**l*. 
[0 0 6 2] ±E1S»<D*«X'f 7f>yu* aU— * 
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[0063] ±iHiii3aa)*4ex'r-y^>yu^iU— $r 

[0 0 6 4] ±Cfeft*f*9MttJ:iJ ±IH*ffi 

[0 0 6 5] ±IHtg»fl)#fflX'r ?f>^U^al/-J 
A<. 4 0c7>JfMSX^-v^>yu^iLx— $£^T?t,<fc 

[0 0 6 6] ±GIIftffi*9UMt£iJttt<. ±15*ffi 
X-f ^f>^U4fal/- *0>d>fc< 1 Ojf-f^I 

x— 5 X^ t> I:: <fcl\, 

[0067] *h?bi*. eawsgs-e^^^s^-r^ 

tiffin y BljLS3S»[s]»£#t?. 
£Stf>5fcftlc, Si ©ffiSa^E- K(DH#lc. 1 Ofcl± 

«>*-ttffi«y»jtn*»ia»4«oFF-e*y» xt— 

fl«y«jiwnB^ mi o««*nE-Ki=tei,*THi 
Ara£fitiftr«fex>icoN-etEtt$4i&. on«>^ 

[0 0 6 8] **««)MW7f>yi/*aU-> 

it i ocva^e— KAtntt Lfc&, m 2 — K 

fcftlvCttOF F-Cfcyfi-5 0 ^2 0X11*^- Kl*. 
*^mgiEA^ $1 <DSifiIJ:y : i«l^m2 0>l8fficDTIcf$ 
TLfc^lcHS&-rSo IS 2 (DVkWJl'E — K(cj3l,\"CON 

<D*^T?&4«jygixiasif<Dai*i:3gi4. ft^«ss$ 
<s®mij y -v ^umsiE. a* y ^ ^umg5fc*^tn* u 

[0 0 6 9] ±aUfc*f6^0)S»33«ki;i%ai*, 1UT 



[0 0 7 0] 

[SSWroHJfeflJffiMtS] *&SB0>£taxf y^^u^ 
icifs^-r acticjcy. *^(c^aj*«gs^e«-rs. 

«m^;f>y^iu-' *<D*4vT>7lt. IKS 

is©ta*y ^^uwssfc.ktxai^y -v^u»iE^s«-r 
scticty. S3a*£«&-r&. mi ipitas, 

CaliforniaCDLinear Technol 
ogy Corporat i o nl:<totPOLY-P 

[0071] ommmmwrni izmzux. 

CuT?, lfiX^Vf^U*aU-iI1 01*. 3taJ|C 
Se^*^lfc3 0W*ffiX-< 'Jf^if^a U— St SKI 
1~1 3 J}8X-f^i/l/^iU-J10 
I*. 2 0©Ulff=E— K 0t JttU^Uj&x&tJiL/^ 
yKDft^mSSfCDii^Oy— VVU^— Ffc^UiS U^KD 
AWWS&O^aHSWrt^- K) lc&^Tlltt-*-«. ./ 
— -7^— KICjSOT, #fflX-r^^>yu^zLU— > 
lis 3o£TON-l?i&.S 0 ffi**^— KlcfclxT* 2 0 

tU**3iE<D1 0 0%A<H«;*;KS o Kli* A 

[0 0 7 2] 01 IC^jkft-S^fflX-l'-y^l/^U^iU 
—St («ft&*BX-f ^>7U*zlU--$) 1 01*. * 

*i oi±. 3oc7)*ffix>r>v^>^u^iU— $ 

efflX-f«;f^U^l/-5) HK1 1 ~1 3. 

*\ h?>x*>*rt*>xmma-\ 8. «*«:□://< 

U— *2 0. UlTJ^r-vAv* 2 2. &&tflC, «taS2 
4, 2 5fc«fci;2 3 ^^t?*Hi[51SSg|J^ ^ 

t% X^^f>y^il/-iH 1, 1 2fc«fc^1 3 
I*. A*®EV| N i:ai*®IEV0UTi:«)rai-a£5lJI-ie^ 

[OO 7 3] $ 1 01*. StaSl 6 Afc^tf 

1 6Bfcf>i/|c h^VXav^StvxittgS&l 8S§ 
t?7-<- K/N*-vf ;U-^lHlKSPS-*-r-5. «taSl 6 A 

SJjE-r^. SiaSHvW^I 6A/1 6Bli. V 0 UT^ 

1/XitlBSl 8(DSI£A*l-fc^TV0UTl=itfilJ-rS« 

^^>XigiHSl 81*. -t<DSSA7Jl-*5(+-i>7-f — K 
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iz&LIK S^>Xa>$^£:>Xiii|@gg1 81*, 

iwi 8cDtb*icfci+^miEi*vc-c*y. v c i*v FB 
8otB*«gs^ t j:t;vci*ii*n-r-i.o v F b 

*S3it*>J:t;Vcl±^il>-r-5 < , 2 3fc«fctf2 

CDffl73(*, X-f7f>^U^ab-^ 1 2 j3<fctf 1 3© 

[0 0 7 4] X-f 7f>^l/^aL/-ji1 1, 12^ 
tfl 3 1*. -O^S^frBSS^— K0>X-f vT>7 
U^riL/— $T?fc& 0 X-f-yf>yi/^al/-5H 1~ 
1 3l±#JIIzl*, B«X-(»;f>yu¥al/-' S^efe-S 
A*. ffiiX^-yf^^U^U- $»T?4,fcyf»-5. H 
2|Z^$*l^|^«X'f 'Vf^^^al/- S» 5 Ol*, X 

^f^^^a u— * i i ~ i 3 1 Lx&mztimz 
is<f i>*iLi,— si 5 o i*, >w*s-TMts.^— k»x-<? 
aj*miivouT<fe y*£t\> x-f «v^>yu*:iu— $ 

501*, nfV>^X-f-^^h7>yX$MOS 
FET546<ty55, -{^$56, -fe>XSiaS 
5 8, tttriS6 2, 3>/<U-^60 t /<)l,Z.I&$Zffi 
(PWM) [s]S&g&6 4, A[e]S&$g5 2, 

>/<U-*6 5. &€>tfl=fiJfflMtt@B7 om, * 
IJtof-l*, m~\ fccfctfB2<DH)8&asi±, U<ofr<D{*BP 

I*, 2 2, iSiag&l 6Afcctj;i 6 B, MO 

S F ET 5 4fc<fctf5 5, & t>t£l--< >$f £ £ 5 6 li, 

^•Sf«fiE^m-eaby#, si asj:t/g2a>iiis§s&<ogiy 

I*, Jfcftl3»l::*$*ift«. 

[0 0 7 5] X-f'yf>lfL/^aU-^50li t Iff 
HEV0UTl=fe^TtU*y-Kl=«*aF*lfcft«l=Ul*« 

at^ttss-r ^ssx^r vf-^v h?:>i?x$ 5 4fe«t 

1/5 51*, K9-f •?@KgP5 2(= < i:or, ONfiJ:VO 
F Flc^y&x.f.ft*,, X-f-yf^h7>yX*54 

/<v^2 2i_iie^**ifcft^izmziS$«tste-r-5o sua® 

SSS? (S^-a-T) A<, — oO)X^>yf>y K^>S?x* 
A<OFFI-?Jj:i$^5>/fi:, ffiff)X-f 7f >^ f-7> 

^ u— si 5 0 ^iiin$+L#5o 

[0 0 7 6] PWMBKSP6 41*, X-f->f>yh7> 
'>X^i 5 4 fc«fcl/ 5 5(Dfa — T'-f "9"-f £ ,/KZ>fs), 

A (constant on— time) 



I*— S^"7 ^ -fAtconstant off — tim 
e) (Dftffi^fflUT, *»#fiX^'yf>yL/^a 
U— •S'S (00*.!**, X-f •v^V'J/'U^a. U— £ 1 1 ~ 1 
3) £t&f££-|±, ti}7J«II£iagL»£„ fllJjLI*, -7> 
->a HalSIA*, X'f vf-^f K7>vX^i (Dfi-f 

So 

[0 0 7 7] PWM0KSP6 4I*, OCSAZll-fc^T 
fO'^M (ffc*)*, VCLKU V C LK2^fcl* 
VCLK3) ^SI+«J-l>fc«)l-^*tLTL^S 0 PWM0I8 

SB6 4I*, ^y^^p^^i^^^/fms 

PWMH&&6 41*, K7>T"/<lH]SSgf5 2»Z<f-^££l 
y, K^-f A[I]Seg&5 21*, X-Yy^>7 h7>5X5i 
54$ONl:U X-f -v5 1 >^h ; 7>S?X'Si 5 5^0F 

Fiz-rs. &ic«gu*, A*mEV| N ^&, xf^> 

SS5 8£ffioT, VouTl^S!Etl-5o -f>^^^5 6^giE 
tlS»3S(*^>^T-v^-r« 0 ft-tftt&l*. V| N A<V 
OUT* y*^L^* x t)t*fei>o 

[00 7 8] -f^$ 5 6 ^ gsti-sm^ti*, t>Xft 

£aS&5 8£^;h.£S^<!:iimWl:U?Ll\, Sg5n>y?U 

— * 6 01*, -feVXataS 5 8 tzfrfr&mi£$ 

5. SStS6 2^3it*vS«3itl*, n>/<U— 5« 6 0«>e 

f-st, 3>/<u- * 6 oa>ti3*r*H 1 GHCfty, p 

WMES&SP6 41*, K7-f /<[s]KSP5 2(cfi-^^3IS <> 
C<DCi:lc«fc y, X-f-yf>^h7>i>X$5 4liOF 
Flcfcy, X-<-y^>y K^>i?X^ 5 5l*ONlrrEf 
£. m3iEI*^t^, Stfefrt,, X>f'yf^h7>i/X 
$55, •< >$f-5>$ 5 6fc<fctMr>Xt£taS5 8£2o 
"C» V 0 UT'=3S*1-So «3SI*CCT?, ^f>^$5 6l: 

fc^r^^^^O^-r-So x^-v^>-y-y--f^;n*, o 

SCKfclt&£n-y<7fl#>!>t?itfH I GHlcfc-Si, ii# 
yiS^tv-So L^-r^OX-f^^^yL'^zLU— 9 1 1~ 
13 (fc.fcl/^WO^X'f j-U— $) 

tr— ^-o^^^assofttsyi-^'T^^^tt 

[0 0 7 9] ^#Sa!E*<<Sl^^, -f^^956$^ 
LfcB*B#«3Sl*, X>f-yf>yh7>^X$55tfON 

r*fcsr B i, o^L>T?aicJss*T'siE'>L»s. ftco-o 
1*, u^iu— s«(Dja*^ipi±-rsfc4fticji*n$*i.T^ 

5. f ^^^^W^OIcM^-rS*^, 0S3Sa>/< 
6 5I*«#£ K^-f/<5 2|c2iy, cttic^y K 
2*<X^-yf>^l>7>i?X$ 55JOFFIC 
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[0 0 8 0] S2(D?iJ#$lJffl![5]8&7 014, n>/<U— £ 

6 0<0#&3£A7Jlc$S£<*;h.5. 3p)J»«q«|§IK7 Ott, 
7>^7 2. nfV*^MOSFET74j>J:0:75, 
fc€>tf|::US?X* 7 6 tS&XSl B^tt. MOSFET 

7 5(0^*-^ U^fo. U— 5« 5 0<DGCA*lcig-&* 
tl£ 0 GCA^Ilt 1 WO 
ffi^=3>/<L/— $ 2 0<DtHA«BEV D |S^SItlS-5fc 
#>lc$S"&£;h.3. GCI4, X^7f>yu*al/-$1 

2fcj:tfi artcor— xi-«e^*^^o V C «4, 

7 2 0>3E£&A:*JI-$S^;**l5. MOSFET74©^ 
— hi*. r>^7 2 <D Hi 7J MOSFET 7 

40V-XI4. r>^7 2<DS«A*IC!|g^$4iS 0 U 
vX* 7 6fcJ;tf7 814. MOSFET74fflV-Xt 
T-Xi:<DF B 1-eia5iJ|c^*^^ 0 MOSFET75A' 
ONT?fc5ii£\ MOSFET75ltl/-?X$78^j2 
0>tt3it/<X£$S$&;* -&£>«, C*U4MOS F E T 7 5 (DO 
NigfttfL^X* 7 8<DON«fii<J: y o <!:«l^*> 

[008 1] $6 0<D®3SgSfiII4. KTF<D«fc 

5l=f«MMP:?n'V*7 OIC^oT^^ft-So 
U— 5» 6 0&e>tf|CU-;?X$ 5 8 fc J:tf6 2 |ZJ:<5B^U 

KT<tt?LtMf-&IC s $ 6 0 

^iJX^i 5 43b<ON-r?fc^i:ffiS-r-5i:. h^^X* 
5 5l40FFT*&y, W ^^VSEltiMftlU f LT 
Ui?X* 5 8$^Lfc«l±KTA<Ui5X^6 2S^Lf: 

SIS*. * * -e ■< > 9 0 $ mZHtfmtSQ? £ 
3>/<L/— ^ 6 0<75tB*A<H I GHKfcSo 
$ 6 0©tiJ*A<H I GHI-fc-5i§-&, PWMH8&SB6 4 
!C<fcy. K^-f/<0KSP52l4h7>v?X^54^OF 
F^O h^^vX-Si 5 5 £0 NICU CttlC«fcy % -f > 

[0 0 8 2] U^X^ 6 2$^Lfc®ff^TI4. =J>/< 
U— 5»6 0<om3!EIHl*3iS-r*, 6 0<D 

S3SBH1I4, -O^* 5 6rt<Dfcf— >^<7^m3K 
£3^1" zi>/<U— *6 0 <Dm3SIBfill4, £-fbL 

5 0<0ti}*ll3Si:(^«, tf— 7*>J:U: 
¥15^ >^^5S3S^l@BL#-5o US?X* 6 2 £5>L 

fcmiEKTi4, uvx$ 6 2 zzatiznziL&mwt&m 

mWW7ny<? 7 oic<feor^^$*i^o *J#W^p 
•v$7 0l4, u^zlU-^ 5 oro^f >^^^SS5fc«fet; 
tfJ7Jtt35££lb£t!-&fc#>lc. U^X^6 2*354l*B 
35££<b;*-feH#.5 0 

[oo8 3] mmftminy? 7014. KiT<D<t?i=. 



UvX$ 6 2 £35*1-5 WSSfccfctfUvX* 6 2£fl-Lfc 
tEKT^^b^tS. h7>vX$ 7 5A<OFF-C?fc 
(3>/<b— $ 6 0jSJ:tf6 5a>A7JA<S-f> 
e-^>X/-Kt?&5i:i5^-r'5i:) Ui?X$6 2£ 
3fcti£S3lEte. nf*^ h7>i?X$ 7 4&&tfl::U 
vX* 7 6 *5J:i;7 8£%tfl&n%ttmLl\ 
fiTTSt, V S HE0l4. 3 U— £ 2 0 ©3^SKA*I= 

VsHED^S^-s fii^W3lE£ilSi5-t-'5. VdisI4, 
l/-$2 0©tB*iET?*S 0 LfcA'oT, V D |Sl4. 
/x^OBtlZLOWCfcy, &^«3S£1ISSU n^V* 

h7>vX$ 7 5I*U^zlU— ^ 1 1 ~ 1 
1-fcl^rOF F-efe^„ T>^7 2<Dti3*l4, h^>i? 
X* 7 4(D'7 t -HcS|g-&£;tt&< > 7>^7 2I4. ttiati 
IE^iaS-r*-t(z«i:oT. H^>i?X5t 7 4$3SE^S 

«a**iwr*. v c i4, t>^7 2<di^^a*i-!K 

££*t<5«> 7>:?7 205UJ*B1EI4. Vcl-.tfc0!l 
{b-T-So h^>vX-St 7 4^^>i;iCUv5X'S' 

6 2. 7 6fc«fct;7 8^3iEtt^SgSI4, VcKitflJ LT 
Sg^b-TSo 

[0 0 8 4] mmztavt 7 014. Ui?X*62£5>L 
fcWEP$T£Bi&U 5i 500 

-* 5 0 !4ftiS&«3iE<D^F£ JSfc-T. ^S3!EA<KT-r 

vpB^iganu vctfsi^u ctticty, u 

i?X* 6 2£3&*i5W3SA<3£'>-f -5. C*U;:J:y N n > 
u— si 6 2 © tf — 7 -r ^ mSSEiS{BA^'>-r -5o 
mSSn >A U— 4< 6 0 <Diti*il4«-tM ^ ;H^-e"T Cl= H 

[0 0 8 5] a*5a3S#ii»n-f &ii^r. v F b*^'>L. 
VcA^itilPL. C*ilz«fey. Ui?XtS«6 2^3iE*ti>m3S 

a^jo-T'S. -ni-ct y. ^ 6 2©t?— 

ta**<'&-9--<^^w-eH i GHir^f^itji^. ^^^^^ 

«S!E*<<fcyBl^U^U*-CliJ!lPLs C^.l-J:y. J:y^ 
[0 0 8 6] V C I4. ft^«3SIClt0lJLT^^b-r-S). V C 

t><mim?$>m-£* h5^$?x^ 5 4oon^f b i*<-b#m 

l=±i*0L.. h^>i?X5i 5 5(DONB#Rfjj!)<-B#fl«llz3a'J> 

l. «fcy^<oai73m3ii^«$s-rs. v c ^'>-r-5ii 

h=7>vX$ 5 4<DONB#F B l3!)<-^fi<||-MiJ>L, h 
7>^X^ 5 50>ONB$raA<-B#6<JK:iij!>nU .ty^JS 
l>t±3*S35*«*Sf «o ®3S3>/^— S«6 0(4, 

^^>56 ^ 3S*t5 e— 7 <Dm>r * * ass^BE^b 
cfticty. ^ffix-r-v^^^u^zLLx— s»«)¥ 

A#W3Srf><£fl:T-&i§^ X-<-y^>^h : 7>i?X'Si5 
4fcJ:t;5 SroONHtFaKc/J^fc^bAtfcoTt, X>f 
V=f^>f h^>isX$ 5 4fccfctf5 5©fi-f07 
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[0 0 8 7] X*< ^f^l/^al/-^ 11-1 3C0-?- 
*t^*U*. /W ICfe3£ffiX-<^>^U*zLU-$ 1 
0<Daj*«^±<*(&3#<7n £S«LT. H?5W35£ili 
S5-f&o X^^f>yi/*aL/- 1-1 3rtCD 

? «■*§■ V CLKU V CLK2 J: Xf V C LK3 £oTftJ$PJ*4x<5o 
<7 □ *V $ V CLK1 . V C LK2*> £ V CLK3^>«* Wtt'Jft 
^^gl3lC^-T e VCLKU VCLK2fccfci;VcLK3l*. H t 

CLKil** &9ny9+M9j),<Dmitft R#nt 

1) (Cfcl>TH 1 GHf:ift3 0 V C LK2l*. fc^P^li" 
-f^;KD3#0>1 <fc!5Ltf* B#Ht 2) ICJ31ATH I G 
Hlzft§ 0 VcLK3»* &^P^1t-<£;U0>3#CD2 

B#Mt 3) lefcHTH I GHfCft£ e 
[0 0 8 8] H3«C^-r«fc5(3, 9Q^^A#Vclki. 
VcLK2fc«fe^VcLK3«)/^UX*«IMW(Cftl+«C:fclC«fe 
oT. U^olU— $ 1 1 -1 3<D-e+L-e^(Cfclt§>r > 

ClfclvC* VcLKl'-cfcoT. h5>5/X* 5 4ttB$IH t 

i icfci^TONicfty, h7>vx$ 5 5i*o f Ficft 

£o X^^f 2rt(Zfcl^ VCLK2 

IZcfcoT. h7>vX5 5 4l*B$nt 2fCj5l>TONC: 
fty. h7>vX^5 5liOFFlc^5 0 x>f v^X? 

U^o-U— $ 1 3P*JlZfc(^T. VcLK3l-^^T. h ^ > 
vX* 5 4I4B*M t 3fCftl\TONI=fty h7>yX5 
5 51*0 F Flcft£> 0 

[0 0 8 9] 041*. ^ftX^^>yL/*al/-$1 

T. X>f ^^U^ro-U— £ 11-1 3WIZJ3C+SX 
-f vTls? K9>S?X* 5 4(*. <&X>T V s f-ls9-*'('? 

j\,to<D$mtji y B#rao>raic o n -ca& y »s. 

[0 0 9 0] louTltt* MX-f^f>{fl/*aU-jl 

i o<otts^®3!t±i*0ffJJ-efc^o @4izfcu^r. i li> 
mzta&zbtfmzti&Zo iouTi^>J=3ttaiA*8ia 

1 0<7>aj*F U SUISSE (output ripple 
current) I 0UTlG>ffi l t l II*s 1 O0)X>f y¥ls{f 
is* tf&ffin&<D?'<X £ (Rtt Lfc«* J: U S 
RMlCd>ftt\, Lf:^ot, dH^ia >t^>+>-2 2 l* N 1 

fttt*XKfteMfc a r**j:y. '>fti^r*/**>*:/x 



[009 1] ftWWKtfHT-T***. V C **fc»* 

cl*VsHED*yTlcft**TRTL. n>/*U-£2 0 
|Z^oTffi*«!iVDlsl*H I QH(C«C*o V D |S«** ■ 
1 |z3*-r«fc5f=X-f * 1 2 33<fctf 1 

3 CD D I S AB L EA*IC$g-&*tt4o Vdis**H I G 
H X-f 9T^U*aU- *1 2fi*tf1 

afiOJt^t^^^f^h^^yX^ (#J*_I*. h 

7>5X$54/55) ttOF F<D**T?fcy. CftlZ 

*mstl*oi:ift**T*aM>U O0ffi?i:«lio 

[0 0 9 2] fllxl*. X-f ^>^L^zlL>— * 5 01* 
<DD I SABLEAAlt B2|Z3ft"r«fc5l:U K^-f/* 
@S&gB5 2lZjg-&**V$ 0 VoiS^H I GH-efe^ii 
£\ K9*f /<®S8S?5 2lz<fcoT > X-f 
$>X* 5 4fecfetf5 5 1*0 F F<D&tZlZfo£ 0 
I*. VDISA^H I GHlZftofcE&IC, U^^U-^1 

2ficfctf1 30X^f7f>^h7>yXJij<OFFi:J 
ftftl*MS»tt«*t?. 

[0093] x-r vT><f h7>vx^(D5*.«)i m-t 

*<#£L?§6o U^tzlU-* 1 2-1 3«<DB*X-f^ 

tt*A\ ^fcii^-r-b— ^u*^^j&®A<fti^ x-x— 

v % > x ^ -r > ^ (stage shedd i ng) t. 
I*. X>f 7f >^ U^ra Xf -y 1 2-1 3 <DX 

^f^f>yi/^u-$xf-yi 2-1 3*<^^(c3f 

[0 0 9 4]X-f 7f>yU* j-U— £ 1 ICDf^-lZ— 
^UA*l4»lfta?*t*fc«>, VDiS^WI=ftofc»-& 

J:oT. VDis^WI=:ft«j:« J«X>f'yf^ 
0 7b<fim^^— KlcAU* *0>Bl. X^< 

^f>yi/*ab-^Xf-y1 2-1 3l*^-^T?fc 

y. x-< 7f^u^ai/- n*7i->-efc^o fiB 
v. is*zLis-$ i oa>a*«si[*«ift-r*. i&mti=e 

-KtCcky U*al/-#1 0(D«|*^*S**L-5A^ c 
*U*. U^aU-$12-13^X^'Vf^h7> 
vX^^Tl-Vfccfct/^^lZigiS^^^^lctt*^^^ 
$ttftt>/i:^-e&^) 0 X-f J-U— ^ 1 2- 

1 3 0^A*«35^«®5?tlS^. Cttl*. -tCDX-f^ 

-5 1 2-1 siZcfcy^i^tt^^A^asSl*, Tt-^le-r 
^(DlellSiCcky^i^^a^^^-rsc^iCcfcy. * 

b(Ci£^3Fti?ii)o «B*^E-K(7)U^zlU— > 1 OCT) 
ffl*m3K<D«iJ^WftiK^$@4(z I QUT2^ LT^-To X 
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ooz*) -c?fcy#£ 0 

[009 5] Z!>/*U-$ 2 0(3)U*tffc, X>T 
>yi/^ab~5H 1(DGCA*^Lt, X-f 

Vdis*^WI=«:*4:. h7>vX$ 7 Stf^Xcft 

Ui^X* 7 8$ya- h£-fc!:£fc:#K Uv>X£ 7 6 
^^-r«B3S0)^^W(r±T^ h^>vX*75£3£ 
*t*o h7>vX$ 7 5^>IC>SS^. UvX*6 2 

DIS**'WI=£*nMir(C % X>f 5 

0 ("ffcjbtu L^zlU— < Sil 1) (7>jE(*RMS (SF* 

ta*m3!EA^ £4SX^^>^U^U--2 

1 0<D^:iE(*RMStB*m3Sia±(DU^^l?. < 

[0 0 9 6] VDlS^'WlcSr-Sig^tD^V/^U— £ 6 
««»7 2a>SteA*<DDCSJEAW c i:*Ll>C 

7 5*<*?-efc£if^(&UvX$ 7 6fccfctf 7 8 £fc>tc 

^BJE^Tico^TOiCtf. h7>vx$ 7 5^^-c 

U yX$ 7 6 ^t>fr *mJ£^T(roiNT0S 

[0 0 9 7] 
[»1] 

y, R 7 8»u^x* 7 8oo««i'e*y. mi*. 

vX$ 7 5A<^^-efe-5ig-&rzU^X^ 7 6fc£tf 7 8 
Tf*«»*CUyX* 7 6fc<ti;h7>5X$ 7 5^ 

•r^mgs-efc^o fitor. us?x*6 2iJbfc4*E* 

[0 0 9 8] 
[»2] 

CttmT-Mlm-TZ). CCT?. Vr 6 2AI*x V D |s*<P— 1? 
&&Jg^<DU2?X$ 6 2*t5fc*mE»T-efey, V 
R62B«*x V D |S*</Wea&-5i§^0>U-;?X$ 6 2£*3fc 



[0O99]ffSL<lt h7>e?X$ 7 5*t*->|C& 
l/S>X*6 2*fefc*«JEP*TI*. Vols** 

U— $ 1 1 ~ 1 3*^*5-SfcjEI*RMSm* 
*S*J:y 5 l=+#f::iian-r*. ttl**Mf 

wrcx-r v^r^Hrau— * 1 1 wkojiy***: 

X'f -v^^U^jxU— $ 1 o<D»Wi'-?i:fAi*i 

i^ft«*st-cft«fi= j: y &&t &*t« * y tx^fcaa 

mSSI*. Vc$VsHED<fcy **6l=TI=Tlf<6fc*. «fc 
ySL^B#HCOHs X'f-y^V^U^iU— £ 1 2~1 3 

0 K-enirr*. 

[01 OO] V 0 UT^«t^-r-5fc«)l=J&^i:**i-5<i:y 
*»l*iS6tifc*»je-r S d * 1= J: y an*. 1 Xt- 'J 

->xi*. 2o<o*/ < c^ftitm3itafitu'<;u^^s-rs : fe 

KfcA«JI«f*9Mfitl£. U^i U— $ 1 O A<iS®*J^E 

— KttH J: y «jttf» 
R78£^l-L x *§o* Ui?X$ 6 2 SJbfcSWffRTI*.. 
H^i/SJX* 7 5tf* >l=&«&*l=2fel=iftAr4-«. 
Ui?X5» 6 2$t>fc-5«J±KTI*. ^^»;f>ifl/^ 
U— $1 1 A«F3S«^— K"C©bf— 5> <!: R M S m3S 

iEi*RMsiu*m35^«tt-r^fctojc. i.7 3 era 

=b*>. V"3) «(=Jttftrr«£i*-eJ:iv> U5?x*6 2£ 
fefe«*flEBT£2{$fcitftrr«Z&(::J:y. glA^E 

-K*B*r*fc»i=. ftwi=«fey*»i**i*«i:y* 

l/^U- $101*. «m*=E— KicAofcft 

— K<D**-C**.- tX-rUS/Xtt. |«U*aU-$ 

1 0<&3&iS£<*&|::&§-r-5o 

[0 101] U4fiU— ' 5 1 Olt KTF0><b tjyi=«B 
A^-KSUi*. AMMlc. ftffi®3Kl*. X-f*^>y 

v c i*. v S HED«feyt-t^i?ii*n-r*^-e-h#L, 

■t4ll=*y, X-f-;f>y^il/-$ 12~13ll 
^ 7 5*<SS^-7(CJEC^fctf), x-r -v^^yu^fiU— 

^i i /5 oromsSHfiii*. sc (2) i=«rJt*-e«M 

[0 10 2] JffiX'f-yf^b^L — •S' 1 0*<«« 

KI=A«&. 9 1 0<DUl*®3S(0«ffi 

*<it*p-r-5A<. ctn*, st 1 ocDm*ags<o 
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fcto-efei) (0iJjU*, H 4 I 0UT2) o »£L< 
I*. U*iU— S> 1 01*. Mz-tt. »» I 0UT2K* l ^ 
£ ti £ * 5 lc, ^ 0S/JxSF^ ffi * S3!E A<-tf p Icit L ft: & 
lClgB*=E— C*U*, U^o.U— 5« 1 OtfJtfc 

*BSS'J ^K0fi*14<» * L < fclMJ < fcfcO 

3SE'J^UG)S*S^ KT?0!>fi:*:fiI* y 

SB**-*/^* 2 2 1*, fcb*>S3fcfc<fct;V0UTa> 

x<D^-v/ii>$i2 2^i!t^-r-5fctoi=. ema*- ko> 

U4fiU— $1 0<Dtli*»3iEy ^MDRMSfilgl*, il 

st- Kcom^wssy :?;K»«*RMsgi]i* y tuft 

[0 10 3] Ht§tf>#*.A<, V| N l-$£^£*ifcA*i*-v 
/^>$U-tfcTI*£.5. A*4r-wO* 5 31*, m2iz 

^Sfllc. £S<£ffiX-f '>f>yi/^aL/-ii 1 01=33 
lt^A*«3S'J s/^U*, «iyg|^^Ml=t>fcor, j£ 
A<£ (spread out) 0 &if£t>, AAB3S 
**, *?3:L<I*, SJ&£B#ajl=, 3 0(DX^-v^>yu 
1~1 3±Tlr3|P,^SA^t.r-&^„ 

n-u— si i oamss*^- KicA£ii£\ vw&jLmm 

yupau— $i i iciH&ft-s A*B350)«itiai* 
H^-r-Sc iSaa^E- KlcfcM+^A*«3S<0SffiA<ilS 

>xi*, ^»a>A*im3iE33*t/V| N :7-r;u$Mj>y££i 

M Sfil£fiS*.TiiA L&l^C £ 3Hrt3llc-t"&* 5 & 

[0104] mmftmiBi&nzi.ttzM*. mstsjzzf 

EI6 A~6 BIC^-T. m'&WWEl&l 0 0, 1 20, 33 
J:yi4 0©5^fl)Ufih-t. S2(DflJ»Wffll[H]|»7 0 
<Dft:fc>y (Zffll^ ft$ft|ffil|o|Sg 1 00, 12 
0, 33*1/1 4 0(0 5*. CD 1^*1,*,, *JI#i&«[5]8&7 O 

coftfryc:, y-K7it% x-f-y^>yu4?j.u— * 

5oa>jtsss6 oi-ss^s*t#-5o ms&&m?zt. 

%\ftfamm&-l O Ol*, -f>/Ml 1 6, MOSFE 
T 1 O 2 33*1/1 1 4. O 4, fc&tflC, «ta 

81 06, 1 0 8, 110, 33*tf 1 1 2 jSS 
=E— K«fc, W3KI*, Vc*^, StitSII 0 8 33*1/1 1 
O, ftbtflZMOSFETI 1 4£, Cf^^> K*T?35 
*t*o GCA*A<, b^fiU— ^1 2~1 3|C331^TS 

V D | S *<0T?&-5CD'e, MOS F ET 1 1 4 
I*. SfiU&l 1 2£&$&£l±-5. 



[0 10 5] Jt"H8l O 4 0^JSeA^1?(7)«Jil*, *S 
fit»1 0 8 33*1/1 1 0IC*oT^j££;h.£>i£ia#il] 
8, fc&tflCVc (*B2=i>$f$$>Xifi|§S&1 8C0tti 
7J«IE) (C*oT2fe5t£;h.a„ *M»1 0 41*, #Kl£ 
A*"C?(D«ff<7)S'(blCJ<;C.T, MOS FET 1 0 233* 
tfiSlaS&l 0 6^3!E*tSm3iE*^ll*-a--5o MOSFE 
T 1 0 2£SS*l£»3Sl*, U4fa.U— £ 5 OrtOTStaSf 
6 2£3K*t<SB3it£:S|Ll> < , itot, SHMUfflSIB 1 O 

oi*, mmfflW7 otmmiz* vci=&(*«£ibi=£i: 

T, U4f3.U— S 5 OromSSHfil^^Kj^-a-T, VoUT 

[0 106] X-f'V^X/U^fo.L/— ^ 1 1 05QCA* 
I*, E11 l-^-T*5l=, v D isK3££-£*i"5 0 fill*^ 
— KtiDJfeSUT*. V D is**'Wlc«:-5a^, MOSFE 
T1 1 40) — h I*, P— ic^cy, U^i U— •$( 1 1 ic 
33L^T, MOS F ET 1 1 4 7 |C £: -5 „ ZCf, S 
3KI*, Vc^&StaSSl 0 8, 1 1 O, 33*1/1 1 2£ 
^LT, K*T'35^^„ 4Mf»1 0 4©#Sg 

A*T?(D»IEI*, SlaSl 0 8, 1 1 0, 33*1/1 1 2 

i=*or^**i.^«tn:»tiJSSi3*t)r, 

*i-5o StaS6 2lcA^ltt,^^^SEEI*, U4f U— ^5 
0<D«35Sfii$^-r^A<, VoisA^Wlc^c^ii^, 

[0 1 0 7] 
[»3] 

fc/£L, V R6 2aI*v VdisA^P— "C*fc^Ji^lwStn;S6 
2ICA^ItC^^5«I^KT^?fcy, VR62Bl*s Vdis*^^ 
-<1?fe^^^(-«taSf 6 2IC^(tC,^^«IE»T7?& 
y, R108«*. tStagl 08<D«tar'$>y, R 110 l*, S 

fitsi i oroSfei-efcy, Rmi*. istfiiti i 2<ofi 

taT?fc-5» U^f J- U— S» 1 1 <D«3itllfitl*, Vqis^/n 

[Ol 0 8] @6A$#If*t, f)J««IW§I» 

12 01*, ififgSil 22, MOSFET1 24, MOS 
FET126, MOSFET1 32, 'tt^l/lr, ggtS 
1 2 8 33*t/1 3 0Stt, VoiS*^— T?&&J§^<D 
ffi«=E— Kl=3sOT, itlDI/^il/- 511 1-13IC 
33HTMOSFET1 3 2l±^71?&y, S3!E(*StaS 

1 3 0 33*t/MO S F ET 1 2 6 $9fch.&l*. *StaS6 

2 53iEH«)S3SI*, a«^— K^33t^T«St»1 2 8* 
3iE3x5aafiEi:lf L^„ V C I*, liSSSl 2 2 0lfSISA 
73lc^$3t-5o mffi&l 2 21*, Vcl-iSCT, MO 
S F E T 1 2 4 33*t/«taSf 6 2 ^3St^-5m3S^Sltl$ 

VouT^iSS'T-So 
[0 1 0 9] GCA^II*, MOSFET 1 3 2 

tiXl^&o ten**— KOlBi&^lcVDisA^^fl^^'S 
1l:feOTMOSFET1 3 2A< 
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jfXcfcy, ZZX'. S3SI*, MOSFET1 26fcJ: 
tfl 3 2, £ "otflctSixSl 3 0S^LT. y^^i/K 
^T-SfcHS. CCf. jgtriSl 30t1 2 8£l*, 

»aE*<li^-rS. - SiaSS6 2£3&;h,5«3&l*, 
Stall 1 3 0$S5^i^tt3SElcStaSl 2 8 $3Ut<5W35E 
£in*.fcm3£i:3IH.\ > StaSl 2 8 £3£;h.-5S3&l*. 
V D is*</\-< l^^^ii^lc (V C #£fbLfcl*i:<E£L 
T) , tot, MOSFET1 26/1 3 

2. *5J:tfSSt«1 3 0 $3!E*t-5«5S(*, «StS&62£ 
35*1.-5 «3S©ig^<k^Ll^ U^i U— *> 1 1 ©asft 
EHIf*, VDistf'Wlz&ftJI*!^ iSStSgl 3 0£3S 

*t5«s!Ei±«feor^**t5iij#-e, «*-f&. sets 

1 3 0<&JSfcil±, U4fiU— H 1 1 (DSafEHfitA^ Mift 
W3S$«$SU Klcasi*TVouT£Ili&-f -5 

[0 110] 
[»4] 

V*su ^ao * 

fc*£L, R^o'** StSSl 3 0<DgfitT-a&y, R 
1281*. JStt«1 2 8©tStt-Cfe5„ fiS*^-KlCfc 
l*T, liiHSSl 2 21*. VclCfcltS^-fblCffrCT, M 

os fet i 2 6S*yi 2 4^3t4t-5 msfE^^is^-y- 

•5. 

[0111] ^ic, 06 B$&mirzk. mmu®®& 

14 0li, MOSFET1 42, MOSFET1 48, 
MOSFET1 50, fc£>tf(=, ffiStg 1 44^1 

4 6Stt, GCA*I*. MOSFET1 48l:^$ 

H5o MS*— Kicfcur, vdis*^— -c&y, ±x 

J- U— S 11—1 3C:fcl^TMO S F E T 1 4 8 
l*^"71?fe5o MOSFET1 42fcJ;0tl 5 0©y- 

M*SlMr*S-&;2F*i, «35£ ^— ^^fig-T-So MOSF 
ET 1 4 2CDMOSFET 1 5 O Izjtj-? KOffiiR 

(g£xi(I) Olltl*, MOSFET1 4 2$ 35+t 5 1E35 
C0MOSFET1 5 0£35ft5tt3£l-*t-r-5J±£!?L 
L\, MOSFET1 4 2 £3fc;h.-5®35(*, l/^al/-$ 

5 0rt<C«taS6 2$3SEtl5m3Si:^Lt^ MOSFE 
T1 5 0fc<fctfl 4 2£3Mt5S3!EI*. V C Ki£ffiJ-r 
•So fiEoT, V C I*, U^fiU— * 1 1 ~ 1 3(DB55S 

[0 112] KICfcl^T, V D |S#'WI=fc 

l J, MOSFETl 48li, L/^a. U— £ 1 1 |C fcl* 
T, 5S^Lri^5fitixSl 4 4$^">(c-r-5„ CCT?, 
MOSFETl 4 2fc<fei;i 5 O £5S*l<5S3Kj!><, if*: 

[O 1 1 3] 



[«5] 

f=fc*U R144I*. StaSl 4 4<D«trL-e^y, R 
1461** Iti/tSl 4 6<D«iaT?fey, VqsaI** MOSF 
ET 1 4 8tf*-?X$>Z>m-$i<DMOS F ET 1 5 0<O? 
— h-V— X^SEE-efcy. V G SBl*- MOSFETl 
4 8 A<t>1?fe5Jg&fl)MO S F ET 1 5 0 0)^— h- 
V— XR9Bff-e35-5. MOSFETl 5 0(Dy-h-V 
— * PbIBIEI:*, MOSFETl 48Att>i:«^i: 
it*U it (4) |c5pf<*:-3l~, V R6 2Ai: V R6 2B«t«)FBl 

ic^n^roH^^ffyai-ro 

[0 1 14] ^JSlCfci^T, ZrXDm&n+miZlL*)^ 

( 2 -o<d mt&m^tmmftKmm $ *i-c i^<c i^m&iz x- 
) rjg^j ttss-e&stjifc-ro «*.if. macs? 

-1 42/1 50$. ffitftSl 4 6fcJ:tflSia#1 4 4 
(ffcl*h7>?X$14 8) $®C-C1H1S1 8{Cig 

[0 115] *«BJ<D3&fcSHffi}&jilzj3U-C, ffiit 

•5. mi*, ^sjo^ffiX'f ^^^•jfu^zLU— $t 
(*. A^miEtim <hcoF.sn=M9JiiSS£*ifc4o<z>]tMg 

fc It 5 C *L t> 0>iH*gX •< V T U— • S» <D 3 *. 3 

-31*, M^®35AWsHEDHflt^TlPlofc^l=0 F F iz 

[0 116] C^P,(D4 0<DX'f 'V^^'JfU^fo.b— ^ 

sol*, ^mss^- (••©^•<^f>yi/^ 

^ 1 8 1—1 84t, t£Aioizi>/lU— ^ 2 0 
i:. fflSui'^S Steins 1 8ir, ta* + V/^>^ 
22t, StriSx -f/W^1 6A/1 6B£, «tn:||2 
4i:. 2 3 J3«fctf2 5 i: $^t?. 4r-V/<v^ 

2 2t, StfiSl 6A*5otU:i 6Bt. 1M KU^r^U 

-$181-184 rt<Dfife(D(Hli»<!: $, mmm&<D9\-tt 

[0117] gl2*(D^-f -V^>yU^fiLU— 9 50 
I*, X-T »;f^U^aU-$ 8 1 8 1 —1 8 405— #J 
T?feS. L/^fil/-? 18 1-18 4C0«)&Xl*, -5> □ 
•V^ffi^-VCLKI. VCLK2. V C LK3fc V C LK4»=<fe 

^ mmo> 1 / 4 ©F B iii-e^^»cffi«s^fc$ q *j i 
x$*l, c*ucfcy, aa*y 'v^ua35«)»ii@$s/jx 

VDIS^H I GHIC^CSi, X-f-y^^^L/^ 
^ 1 8 2 — 1 8 4 1*0 F FIZ&y, X-f V^^f 
Is** l*—* 18 11*, U^o. U— ^ 1 8 0 <D±X 
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•v^^^U^fo.U— $ 1 8 1 <DiEI*<DRXS 

a*«3SA<'>'&< ttttemm-rz*?^ a (2) * 

[0 118] 3 0K±<D*ffiX-f7f^yu^l/-^ 

mm (.mx.it. mmmmmmy o> (txtyj/xo* 

m*=E— K<h<©ra-e<&iS)&;lBtlzitMiX-f 
fiSlcfcl^r, m<f«;f^b*al/-; SU*, 

Si o*UT*«fetV 

[0 119] *ftHa>JM<DJtlfcKttlc&l*T. M$IJ*S£ 

ztitz&mm*-* ^f^yu^au- sir, h^o»j 

Jr5fc7* — K/<?9JI>— ^IslKi: LTI*, tfUxl**, tb 

^ ;u— 1 -d* fci*suea> y 4 - K/ * v £ ;u— , 

[0120] *&BJ10)£;ffi*-f •y^>yu4ru-U— £ 

&H;S£^g§<D— 09£EI8|::5V*\, 08 4"<D£*§X-f y=f- 
>yi/4fa.U-il2 0 0lt 3£?IJjS^$*tt=3 0fl>mffl 
^•yf^yu^U-^ElK^tL, 3 00)1^- 

ji^-k, fi^«3SA<<su^Kz>t#a)ai (D&nji 

©X-<-yf>yb^aL/-$li±tONti5:4. 

A<ON£fcy, 1 OOX-f 'Vf^Wfab- 5«l*0 F 
Fifc.5,, ^OTtefi*)^— Klcfcl^T, 1 OCDX-f 
f^^U^aU- $l*ON t&y, 2 0<DX-< 

tf»2«>«wa^-K-ctt\ ftffiW3SE*M£^<!:# coigns 

[0121] £*|Xf $ 2001*, 

m^-KT-iti*i^feyfrottfij$££;*;h.fc, 3o«>x 

-r-V^>yL/4fiU— ^Ih]K2 11~213i, ffi^W 
iE3>/<b-? 2 2 0 JS<fctf2 2 1 <h, 
*>Xiii|@S§2 1 8. »StS2 1 6 A/2 1 6BS3,fct; 
224t, +^'>5i2 2 2 1 2 2 3feJ:0:2 2 5t? 



^fr. 30<DX>f 7f>yi/^aU- $ 2 1 1 ~2 1 3 

Ui*l*"W<:>$ 2 2 2l=Sg^$ttfcm^a*»3iESS 
tfc-f £„ SSiS^/W^ 16A/2 16BI*. SEE 
7 -T - K/<«/ V F B £4S2=i i/$f ? * >xiiipiss 

2 1 8«cS«-r-5. *Y/^>$ 2 2 3 33*1X2 2 5 & & 
tf(c|£triS|2 2 41*, !7.f-K/<';/?;U-:7(DJi5ft»*i 
«£*T-5 0 tU**-*/^* 2 2 2fcf>tf|:ig8tg32 i 6 
Afc<fctf2 1 6 Bt*, J|lBll»0»|.ffil=Kl*Tt»J:lt. 

[0 12 2] Jt4f»2 1 8(Dtii:fc«IEV 0 l*, X-f-y^ 
^U*2l/-?2 1 1 ~2 1 3<DV c A*lc«efe*tt 
•So 02tti(DX-f 51 5 0I* S X-f-j/ 

f^U^aU-$2 1 2~2.1 3 <D-0y-efc 
U^a. U— £ 2 1 2 ~ 2 1 3 I*. ffi><D®m#lfcX'f 

mJEV c l*. 9 2 1 2~2 1 3m<J>mWL^> 

6 0 0>m3SHfiE££HU Cillery, i2i: 

* 2 1 1 ~2 1 31*, V 0Ut £iSSiIU ftft*9R£ttlft 

[0 12 3] H9l=jj*-rx-f -y^i/^U^aU— * 2 5 
01*, ^7f^l/*aU-j2 1 1(0-«ffe5, 
2 1 1 (*, te<DX<{vT>7lsZ : 3-ls— £ 

ommitttzttf-ezz* fij#fijfflniiK2 3oi*, u 
u-s 2 5 o<©a*»3iES»jffli-rs. mmfammm 

2301*, ltifflSS2 3 4 t, MOSFET232t, M 
OSFET238t, MOSFET244£, fitaS2 

3 6, 240fe.t^242i:$tt% MOSFET2 3 
2 Siijg-r-5«3iEI*, L/4fiU— 5« 2 5 OF*3fl)fiStS6 
2|Ct>fc-5«ffKTS|gS-r-5)o MOSFET232J 

jiig-rsassi*, Jiiss§2 3 4icj:-orfijiai*n-5. m 
#a35A<if*n-r*i=o*i.r, v c i±, Jgff«2 3 4i=M 

05 F ET 2 3 2(Diljl®zSSli*n*1*So -T-Sit, tS 
ta«f 6 2lr^)fc^«JE»TA<iiiOL, Ctilcfcy, 

iU— ? 2 5 0*<D'T>^^^m3SA<i8ira-r^„ 

St*««*r*l=0*lT»' V c l*, lKff«2 3 4 (CM OS 
F ET2 3 2a>iIiltt3K£3$d>£l±-5. "T^i:, StfiS 

6 2|ct>fc*miE^T^'>L, CtLlCfcy, U*3.U 
— Si 2 5 O0M >y^^«3SA<^'>-r*. 

[0 12 4] *^m3iiAWsHEDll=J:oTSS^tlfc^ 

S2 0 0I*, mi OH£/<9— ^E— KIcA-So -0)^— K 

icfcur, x-r-y^>yiss«2 i 3i*^-7-efcy, * 

LTX<< 2 11-21 2l*^->T-fe-5o 

VDISlI*. 11^2 1 3<DD I S AB L E\jj\z1fc-g£ 
V C AW S HED1<tyi5<KT-r«)ig^, Jt«S2 2 

i otb^jiiffi vdisi i*h i g h t y , ctiictyx-f 

I*, X^-yf>^ISS2 1 3*><Ui;*j«3S£(a$SLfc^ 
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<0GC Affect tfH&S 2 1 10GC1 AlUzm^Ztl 

£o v D isi^h i GHttezm-s. v^x/mmm 
211-21 2i±oN(D*^-e&y. f Lre~{7fcj: 

of Fv&z>ti*ommz&uirz 0 

[0 1 2 5] V D |S1^ X-<!5/f >yBS*2 1 2 0>>f 
"f >3> hP-;i/7 0*0) h7>vX5 7 5<£>y— hfC 
tt^**l*. V D |S1^H I QHtfii*^ @2£#fig 
LT±lBLfc^9^. h^>vX$7 5l*££iS7 8£ 
*»LT««U SlgS&5 0/2 1 2*<Dit«g6 0 0) 
S35Hfil^iaiD$i±*o 5* (2) lzfc^T^£*l3«t?t 
•Jtli. t£taS6 2fctPfc^ttmKT^*i*P$1±TX-r 

^f>ym»2 i 2<otb*«g6A<iijip-r*cfc5iwi8s 
£*i£ 0 1SSS2 i 2 0)ffi*agsi* s ftftmsk 

0)1 /3fr6*««SlO>1 /2*T*llPL»*. 
[0 12 6] tf:, V DIS1 H I GH tt£ 

x$238ttoN < t4y, -eLri@siS2 4o^s^-r 
TiiitAp-rSo HS2 1 1 <7>aj*im35ii. a 

H3ISS2 1 1 fcj:tf2 1 2 1*. gKDfi/^-^E- Kl= 

fctt^^p^s2 o o<D±&jin$tzm&no 

[0 12 7] h7>i?X$ 2 4 41*. mi O^/^— =E 

— KfCfclvCOFF-efc*. CZT-1SS2 1 1 
tfc»6 2f::jbf::**E*TI*. A0)ttM^6»&*i 

[0 12 8] 
[»6] 

"* + ' (6) 

CC-eV R 62Al*V D |S1* < l-OWa)li-&<7)PSS2 1 1* 
©*tt»6 2l=fcfc*«E*TT?*y. VR62Bl*V D |S1 
*<H I GH<0ii£a>I8SS2 1 1 *<Z>«titS6 2(ct>fc 
««SKT-CAU. R236l*fita«2 3 6<DgtaT-fc 
>J, R240l*fititS2 4 0<0«ta-C&y» *-LTR 2 42l* 
*StaS2 4 2 0«tat?fc-5o 
[0 12 9] V D |S1*<H I GH<hfc<5t§ 

#«X-f •y^>yi@SSS2 0 0l*mi <D«/<9— =E 

— Kl-A-So CO^E— h'l=fel»t, 11^2 1 3l*OF 
FT'fey, -tLTlSS«2 1 1 fc<fctf 2 1 2l*ONT?fc 
oTftW(=m8lE*tWft-r*. 1HSS2 1 1 tf«)»taS6 
2<DB3!EBifiII*3£ (6) ©«tt»JtyS£lfit3taL, fLT 
DISS 2 1 2*fflfifiS6 2 (D«3!EafiS|iS (2) <*>« 

tt»jt*!itiiap-r*. a <2) (6) icas^T* 



[0 13 0] ^m3iEA<®2<DaffiVsHED2«fey *«< 
»T-r*«^, ^^-jf>yiM2 0 0lj:l2ro 

>?mm&2 1 2fc«fctf2 1 3l*OF F-ca&y, tLT 
X-f'Vf>^ilS2 1 1 f£ltA<ft15B3lE©-r^T$tt 
HSU -?-LTVouT^iSS-r-5o H<lV S HED2'*v V S h 
EDl*y*«t^Wm3!EBfil*S«-r-5. z©J:9l=. 
fttt*9E A<«3a-r * ICO*U V Cl*^-T V SHED1 i= *■<?« 

VSHED2*"PBT-T-5o V C AWsHED2l=i l JSr-5*i^ 
«S?SJ±&S2 2 0<DtB*«IEVDIS2l±H I GHiS 
•So V D iS2l*. El8lcfcL^T**H-5J:-5ICs X-f 
^•9"il3SS2 1 2fl)D I S AB L EA*lce^**l*. 
[0131] V D |S2* < H I QH?fti««, X'f 

I*. h7>^ 5 4fcJ:tf5 5) ItO F F0>*£T!fc 
3<BT?§3SSg2 1 2li£<ttiamaE£0«&Lfcl.\, PS 

S50/21 2<DD I SABL EA*lt 0t]*.ligl 2 |Z 

SIS 2 11~21 2(DX-f vf->if h^i/$?X*j&<V 
D|S1^fcl*V D |S2* < H I GHt&ofcfi&ICO F Flc£ 
*L«El»SIJfc»tt**t?. |2fl)fi/<9- : E- K<D&1^£ 
X>f K^>^X^(D5^C01 OKl-hA^VDisi* 

fcl*V D |S2l=«fc^TO F Ftf^^KSft-Siltrl^ -tttf, 
A<X-C -y^i/^^Htt-r-SgSji^y^-S. IHS&2 1 
2 + a>fS8BX'f Vf-^V h7>55X$ 5 4 33<fctf5 5 
tt, O F FIC$tl«j&gA<^<. H^lz-r-f-b— 

[0 13 2] V D) s2l*^fc. X-f -yf>^iM2 1 1 
©GC2 AA^Lty-f^3> ho- ;Hs]S§2 3 Olz 
48-&**i*. S9£*iiJ£#Hrf h^>vX5 2 4 
4I*V D |S2A < H I GH»iWl:ON4*y, «ta^2 4 

X5» 2 3 8l*fTM=ON-e&y, tSfitfg 2 4 0 « SSSf 
■So f-7>V^5i244$ON|:t^ 1 HSSS2 1 
1 *©«taS6 2l=t>f = *miiPlTI*lianL, Jttt«6 
0<D«3?tlifil3!)<eiT«)aicLf=A<oTii»D-r* : 

[0 13 3] 

[«7] 

CCt?V R 62Ct*V D |Slfcc):l/VDIS20>r^^^H I G H CD 
li'&a)l@SS2 1 1 *<D«taS6 2lCt>fc^miiKT-e 

[0 13 4] V D |S2* < H I GH I1SS2 1 

2te*t;2 i 3i*oFFt?&y. ■fLtx-f^fvyi 
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on oo%^fst5 e a (7) izfc^r^^H^Stn: 
Sttl*. 1SSS2 1 1 (D£ffi*m3Ktf!&2CD<£/*'7--E 

Htzm<Dl£*V&Z>£olzMtRt5thZo it (7) fzfctx 

T^£ft£«ft3gi£i*. txfj vx^m2<DiS/<'7- 
m^mm^ ^mmzmttzniz&^tiim&yim 

[0 13 5] **^O^fflX-T ^^X/U^zlU— -Si 

i* % *-(o*ijii$inai^p^^<t«»cDe«*^-K^^ 
i o(z^-r 0 ^fflx-r^^>^ix^o.u— S13001*. 

^JfwS^$*tfc3 ocdBSS^- KUMgX-r vTXfls 

*£zLis—<9 3 1 1 -3 1 3 ^ 
3 2 Ofccfct/3 2 1 <t. *iJ#WlHlK3 1 4<h. 
X=l>y£*>Xiii!@S§3 1 8<t. l/yX^3 16A/ 
3 1 6 Bfccfct/3 24t, *-W^>£ 3 2 2. 323fe 
£#3 2 5<t£$iL\ 3~D<DX<{ V^XfisXiLis—Z 

311-31 3<D~r-<x\ts Mn.fimffifr*>cpmMffin 
5iE^a*+v/^>^ 322 iz&mz tixi^nmzmti 

mZ£&tt**'?Z>o UyX^f/\Vy3 16A/3 16B 
It. K^>X=i>^^^>XliipsS3 1 BlzmEE?*- 
K/^>^«-^V F B^^-r^o Wv$3 2 3feW 
3 2 5, 4bi;i'UyXii3 2 4lt ^ -f — K/^^U 
"-^0>JiJ«Bt»«*««-r* o £ii**A'/^>*3 2 2 
fc&tffCUS/X* 3 1 6AjoW3 1 6 Bl*. AtHEUS 

[0 1 3 6] Si OCD^*gX-f^^>^U^zLU— ^ 3 
OOli, 3o<DUif^-K. ■rafrfc«ft«f«5lE**&4» 

•cntrr*. ii«=E-K-ei*. 3o0x^7f>^u^ 

zLiy— $ 3 1 1-3 1 3(Dt^tA<ONt*fc4c El CD 
tett^^E — FIJI*. X>f 7f>yi/^ 3 1 1 fc 

£tf3 1 2^0NtfclJ, X-< £ 3 

1 3 6<OFF*(?fcSo S2 0)ftiA : E- KTM*. X-<-/ 

^>^u^u— $ 31 iA<oNt*feyx-f^f>yu 

3 1 2fccfctf3 1 3^0FFtfcSo El S5 

[0 1 3 7] H2 0)^ £ 5 01*. 

X>f ^TV^U^zlU— £ 3 1 30>—mX-$>Z>o X-f^ 

L'-Siflif £^*f§So fcUJimiEVcl*. L/^L/-? 
3 1 3CDtt35ai//<U-^6 O^ORl^^fl^^-r* 
CtfCcty. 02IZ^LT±^Lfccfc5l3VoUT*^JfflI 
f*o V C li*t»(C. mfcJt»@S&3 1 4|Zttt#<**t 
So V C I*. U^zl Si 3 1 1 -3 1 3W0)mSi£3> 



3 1 31*. >T>***«3S£2g<fc2t!-T. V()UT**!» 

[0 138] X-f ^^U^zlU--* 3 1 1 fccfcl/3 
1 2a)-W^gl1 1 (Z^-To ^al/- $i 3 1 1 fccfctf 
3 1 2tJfc, ?j« 
$IJ#P[h]S§3 1 41*. nf^*JI/FET33U 3 3 2. 
3 3 8^1/3 4 4^:, *B83 3 4fc % 1/5X^3 3 
5. 3 3 6. 3 4 Ofccfcl/3 4 2 FET33 

1 CD KU>f >l*. X-f y^X/^U^L/— £ 3 1 2 CD I 
COMPA*lCg^£;h,Tfcy. FET33 2CDKU-T 
>I*X-T ^^>^U^ra.U— ^ 3 1 1 CD I COM PA* 
iCg^^ttTl^o U^o. U— £ 3 1 2F»3<DUvX£ 6 

2 £^H"&m3Stl*. FET33U U VX* 335tS 
tf-f &m3SlwS?Ll\, l/^al/-$3 1 1rt(0b^X$ 
6 2 £tf--r&a3K(*. FET332t U*PX$ 3 3 6 t 

zft-tzmmzmLi^o v c iz&&?z>m$i&3 3 4 

I*. F E T 3 3 1 fccfcl/ 3 3 2 U 
~$311 &&XS3 1 2rt(DU^fo.U— £ 6 2£^-r& 

[0 1 3 9] Wl (0tt**^— KOOMttB*!^ V D |Sll± 
H ! GHIcftotnft^MOS FET3 38JON 
ICL. -?"Hf3cfey UvX* 3 4 0$SJS*t4o U^zl 
U— 9 3 1 1 fccfct/3 1 2P*3<DUixX£ 6 2 

!EKTi*iiSPLrm^m3St^^tt-rSo fgicDsm*^ 

— KT?I*. X-f ^f>^U^aL/-jr3 1 3liOFFT* 

fcyx*r 7f>yu^u- * 3 i i fc,*:t;3 i 21*0 

Ntfe^o m2CDi£®*J ; E— KCDgflS&^s V D |S2l*H 
I GHCftotnfV^I/MOSFET3 4 4SONf: 
L. fWcJ:yUvX$3 4 2?S«Jit§o U^j. U 

-?3ii^(D u vx* 6 2 £ a-t &mi£&Ti*mtiu l 
rft^«3S^n«-r^o $2ofii*^-Kt?it x-r 

7f>yi/¥2L/-$3 1 3fccfctf3 1 2ttOFFT?fe 

y x>r * 3 1 1 i*0N-efe£ 0 

[01 40] ;MKH0)$&tt6Sifc]»ttli« ffit(D&cD 
ltMSX-< U^zl U— $ £ffig(D&<D«W;&^- 

yu*a.u— £4:1. 2£fcl*3CD«m;&^--K<t£*r 
Li5o 4 0(DX^T^5 1 >^U^fzLU— Si^^" 

fSHJS^Hf*. 1 OCDX-< v=5-^y\s*rzL U— £A<0 
F Ft'feSSl (DlSm*^— Kfc. 20CDX-f-/^>y 
l/*al/-?/j<OFFt*fc5, * t>lc^lxm^mSS!"C:CD 
^(DteSA^-K^. 3 0CDX>T ^^XfU^zLU— 
$*<OFF-Cfe4. fcfc^o*-5ffil>^B35"e<DE3 
(D««*^-K<t^L»So 
[0 14 1] 4 0©X*f*;f>yu*al/- 

<&Hteft£ESl±, 1 oa)x-r^f>^^u- 

$A<OF FT?&Sf 1 <D&mi3=e—Ft* 2^fcl*3<D 
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It. 2 0<Z)X-f «;f^l/^jl/- $i'OF FT-fc-Sfg 

[0 14 2] #He8(D£S>£SllJ£fl28Sl::fc^T, £*B 
Xf^^-fU^zLU— $1*. @1 2lCirf £51^ fit 
^ 2 ?ffl»«X-f -yf U¥a U-^i $^#§ t 0 
1 2fl)W'fff^L' ; ¥aU-i'40 0lt 

Sri 1*5<fctfl 3 X-f-yf^U^ 

a. * i 3i*<sa^«3Sr-o f Ft?fey. x^r 
^u^i 1 1 i*is«*=E- K-cJMsmsia-r^T 

*aU- $ 1 1 fc^I/l 3©-«iJ^^-ro U^riU— * 
4OO0t(DIflt 01 lc||L-r±MLfciiyT-3& 

[0 14 3] 

[^SH©^] *#gUHI*. Xf- i?$lJRB (stage 
shedding) Jtn^X-f';f >^U^U 

* It. aJrt*Y/«i>$ irMJiJlc^^^fc^Sfca)*^^ 

:*-><D3:£<D'.i>£:< 1 o©#fflX>f -v^^^U^o. 

SSSBI*. m 1 01K JtfttftHtt «fc y ^telxfg 2 (Offift^ 

— $ £:*:7|::-f -5 S5 2 <*> SS^fSS. 
[0 14 4] *«?BlzJ:*ttf. fift«rtt9t«£t,\ HJ£ 

[0 14 5] *»W(=**ti*» /MMtbft'J -v 

[0146] 4&l=*«WI=J:*tl*. *MA*U9? 



[0 14 7] MgS4TC&:til2S&l=. *f6W(0lHl»A<± 

[01] 011*, 2|s|BBJ<OJia(c«£5> 3 0©Xf-i? 

*y^>^U*a. S» O^S0T?& 

*. 

[02] 0 2i*, ^si^rojisicfiea, M*n«:mn«B 
y«jtias»a>«a0-cfe4. 

[03] 031*. 01 (D^ffiX'f * 

[04] 04i*. 01 ©EBromaagssH&oy^-e 
[05] 0 51*. **w«>JS3si=«£5, m^mtmmn 

[06 A] 06 Al*, *^r3flOTJiaiCfit5, £&&-50fl 

[0 6 B] 06 Bl*. *$gBJia)ISgicti£5. *&<t«« 
«W«:fiJf»*J»0ttfl!)«*0-Cfc*. 
[0 7] 0 71*. *^OJ^SIr«£-5. 4 Ofl)Xf — 

[0 8] 0 81*. **t!B<DJSai=«£5, 3O(0Xf-V 

<3ig$!jlp#ffiX -f»;f^l/*a I ^ ©ttStfjUSSff* 

gg<D«3£0-t?fc5„ 

[0 9] 09{*. *5liaroiS31(cC£5> 3?&fc-6W*W 

fcra»fflyftx.S3»»a>«3£0-efc-5. 

[01 0] 01 Ol*. *^0J0lga(=t*5. 3 0(DXf 
J^IS©«3S0T?fe-5 o 

[0i i] 0i it*. *3SiPl<0ljSSi=«3. teaH^to 
'EE«iySl*S3SS33J:i;fiJ»«i«0»<O«SC0^fe-5 1 , 
[01 2] 01 21*. *5§BJ<0l^aiC«l5, 2O0)Xt- 

IT X^^V^L^jlU— $ 1 

12 X-f ^T^U^U— £ 2 

13 X-f «>f>y^al/- $3 

5 2 K9«r/<DHHV 

6 4 pwmHS&SP 
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(72)^^# x^>r-;?> y^iJzL- *?Wh 
7>«J*ftftS U *7^-;U— T 94022. 

PX 7;i/hX, Ox>f 
394 



(72)&BJ# ^>f r ^- V- 79<yh*X 

7* U *>^*feB *> 'J ^JU^T' 95032, 

PX #hX, T>KU 3— h 
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